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Abstract The effect of passive smoking on exercise- 
induced! angina in a well ventilated and in an unven¬ 
tilated room was evaluated in 10 patients with angina. 
Patients exposed to 15 cigarettes smoked within two 
hours in a well! ventilated: room or an unventillatfed 
room increased their resting heart rate, systolic and 
diastolic blood pressure, and venous carboxyhemo- 
glbbin and decreased their heart rate and systolic 
blood pressure at angina. Patients exposed to passive 
smoking in an unventiiated room had a larger in¬ 


crease in resting' heart rate, systolic and diastol¬ 
ic blood pressure, and venous carboxyhemoglobin 
and a greater reduction in heart rate and systolic 
bibod pressure at angina. The duration' ofi exercise 
until angina was decreased 22 per cent after passive 
smoking in a well ventilated room (P<0.001), and de¬ 
creased 38 per cent after passive smoking ini an 
unventiiated room (P<0.001); Passive smoking ag¬ 
gravates angina pectoris. (N Engl J Med 299:21-24, 
1978) 


P ASSIVE smoking is the breathing of smoke-con¬ 
taining air composed of mainstream smoke ex¬ 
haled by smokers and! of sidestream smoke, which 
leaves the burning end of the tobacco product during 
puff intermissions. The amount of smoke produced, 
the depth'of inhalation on the part' of the smoker,, the 
ventilation available for the removal or dispersion of 
the smoke,, the nearness of the nonsmoker to the 
smoker and the duration of the exposure to the pol¬ 
lutants in tobacco smoke influence the passive smok¬ 
er’s absorption of the atmospheric pollutants caused 
by smoking . 1 

In patients with angina pectoris angmai pain 
develops sooner after exercise when they have smoked 
high-mcotine cigarettes , 2 low-nicotine cigarettes 1 or 
non-nicotine cigarettes . 4 The effect of passive smoking 
on duration of exercise until angina pectoris alko 
needed: to be investigated. Therefore, I performed a 
randomized study evaluating the effect of passive 
smoking, in a ventilated room and in an unventiiated 
room oni duration of exercise until the onset of angina 
pectoris. The data from this study are reported below. 

Materials and Methods 

Ten men, with a mean age of50±8.1 years (;±1 S.13.). who Had 
classic stable exertional!angina pectoris and angiographic evidence 
of severe coronary-artery disease wuh >75 per cent narrowing of ai 
least one major coronary, vessel! were subjects. Eight subjects were 
ex-smokers. Two subjects smoked two to four cigarettes daily but 
did! not smoke for at least 16 Hours before the study ur during the 
study on each of the three study mornings. After careful explanation 
of the risks involved, written informed consent was obtained from 
ail lO men with angina pectoris who participated inithis study. The 
subjects understood the experimental:design;,Care was taken dur¬ 
ing the informed-consent discussion not to introduce psychologic 
factors related to the risk of passive smoking. 

The* 10 subjects were familiarized with the equipment and thr 
procedures and practiced exercising upright on a (Collins* constant- 
load bicycle ergometer before the studv began. The study was per¬ 
formed on three consecutive mornings. 
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On three successive studv mornings.,ar8 o'clock, with the subject 
in the fasting state, venous blood was drawn and analyzed!for C ar- 
boxvhemogiobm and hemoglobin'levels with a 182 Co-Oximeter + 
Then, Leadi 2 and V, were simultaneously recorded with an elec¬ 
trocardiograph with the patient sitting om the bicvcle ergometer 
The resting heart rate was obtained fromithis electrocardiogram 
The resting blood pressure was then measured with a mercury 
sphygmomanometer 

Each subject then exercised upright an the bicycle ergometer 
with a progressive work Ibad until the onset of angina pertnris, and 
the duration of exercise was recorded with a stopwatch, The patient 
was monitored by telemetry with Leads 2 and V v throughout exer¬ 
cise., An electrocardiogram with Leads 2 and V, simultaneously was 
recorded at the onset of angina pectoris. The heart rate was ob¬ 
tained from this electrocardiogram The blood pressure was 
recorded at the onset of angina pectons, with the patient continu¬ 
ing to exercise until the blood pressure was obtained 

!h a room 3:51 meters (115 ft) long. 3.20 meters ( I0 j 5 ft) wide 
and 2.74:meters (9 0 ft) high, near the research exercise laboratory, 
the subject then sat with'three asymptomatic volunteers for two 
hours. The patient and asymptomatic volunteers talked, readfoews- 
papers or magazines or listened to music. On one morning, thr 
asymptomatic volunteers did not smoke. On a second morning, 
each of the asymptomatic volunteers smoked five cigarettes, his or 
her own brand, during the two hours. The room was well ven¬ 
tilated, with a ventilation rate of 11.4 volumetric air changes 
per hour. On a third morning, each ofl the asvmptomatic volun¬ 
teers smoked five cigarettes, his or her own brand, during the two 
hours, with the room unventiiated. The order of exposure of the 
patients wuh angina pectoris to no smoking, smoking in' a well 
ventilated room or smoking in an unventiiated roomiwas random¬ 
ized. 

After exposure to no smoking for two hours, exposure to passive 
smoking for two hours in a well; ventilated room, and exposure to' 
passive smoking for two hours in an unventiiated room, the patient 
sat on the bicycle ergometer and had an electrocardiogram with. 
Leads 2 and V; simuhaneouslv recorded. The heart' rate was 
measured from this electrocardiogram. Then, the blood! pressure 
was recorded with a mercurv sphygmomanometer. Venous blood! 
was next drawm and analyzed for carboxyhemoglobin and! 
hemoglobin levels. 

.Subsequently, the patient exercised upright on the birvrle 
ergometer until the onset uf angina pertons, and the durationoflex- 
ercise was recorded wuh a stopwatch. An electrocardiogram wuh 
Leadi 2 and V v was simultaneously recorded at the onset of angina 
jtecttiris. The heart rate was obtained from this electrocardiogram. 
The blood pressure was recorded at the onset of angina pectoris, 
wuh the patient continuing to exercise untii thc blood pressure was 
□blamed. The physician who performed the exercise tests knew 
whether ihe patients were exposed to no smoking, smoking in a well 
ventilated room or smoking in an unventiiated room. 


•Wirren E. Collins, Ihc.. Braintree. MA. 
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In rhe asymptomatic volunteer smokers venous blood was drawn 
and analyzed for carboxvhemoqlobm before and after smoking of 
five cigarettes each during two hours. The same smoking volunteers 
were present for the successive study mornings. Written informed 
consent was obtained from these volunteers 

The data were analyzed with Student's t-test for correlated 
means. 


R FAULTS 

Table l indicates the duration of exercise in seconds 
until the onset of angina pectoris for each patient and 
the mean exercise duration ±1 S*D. in the three con¬ 
trol periods, after exposure to no smoking, after ex¬ 
posure to smoking in a well ventilated room and after 
exposure to' smoking in an unventilated room. Table l 
also presents the statistical analysis of the differences 
shown. 

Tablb 2 shows the resting mean heart rate, systolic 
and diastolic blood pressure, product of systolic blood 
pressure X heart rate/TGO; and venous carboxyhemo- 
globin ± l S.E>. in the three control! periods, after ex¬ 
posure to no smoking, after exposure to smoking in a 
well ventilated room and after exposure to smoking in 
an unventilated 1 room. Table 2 also presents the 
statistical analysis of the differences shown. 

Table 3 indicates the mean heart rate, systolic and 
diastolic blood pressure, product of systolic blood 
pressure X heart rate/100 and amount of exercise- 
induced'ST-segment depression at the onset of angina 
pectoris, ± 1 S.D. in the three control periods, after ex¬ 


posure to no smoking, after exposure to smoking in a 
well'ventilated room and after exposure to smoking ini 
an unventibted room. Table 3 also presents the sta¬ 
tistical analysis of the differences shown. 

The mean venous carboxvhemoglobin in the vol¬ 
unteer smokers rose from 5.87±0.90 per cent hefoic to 
9.75±!.05 per cent after smoking in; the well ven¬ 
tilated room (P<0.001)i The mean venous (anhuicy- 
hcmoglobin in the volunteer smokers rose fiom 
5 1 92 ±0.95 per cent before smoking in t he unvan dated 
room to 9.H3± 1.19 per cent after smoking in the un- 
ventilated room (P<0.G01)i 

Premature ventricular beats were not recorded in 
the electrocardiogram before exercise or after exercise 
in any patient during the three control periods or after 
exposure to no smoking or to passive smoking in a well 
ventilated room. After exposure to passive smoking in> 
an unventilated roomi one of 10 patients (10 per ceni) 
had three premature ventricular beats per minute 
recorded in the electrocardiogram before exert ivc, and 
three of 10' patients (.30 pen cent)' had premature 
ventricular beats recorded in the electrocardiogram 
after exercise. One patient had seven premature ven¬ 
tricular beats immediately after exercise, with pre¬ 
mature ventricular beats lasting for five minutes; one 
patient had 10 premature ventricular beats per 
minute immediately after exercise, with premature 
ventricular beats lasting for eight minutes, and one 
patient had 12 premature ventricular beats per 
minute immediately after exercise, with premature 
ventricular beats lasting for 14 minutes. 


Table 1. Duration of Exercise until Angina in i the Control Periods* and after Exposure to No Smoking. Smoking in.a Well 

Ventilated Room and Smoking in an Unventilated Room. 
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Table 2. Resting Mean.Heart Rate. Systolic and Diastolic Blood Pressure. Product of Systolic Bldod Pressure x Heart Rate/1 00 
and Venous Garboxyhemoglobm in the Control Periods and after Exposure to No Smoking. Smoxing m a Well Ventilated: 

Room and Smoking in an Uhventilated Room (±1 S.D.)J. 
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t ! p<0.001 for exposure to smoking in well ventilated room minus respective control js eumparrd 10 exposure to no smoking minus respective control or for ciposure 
10 smoking; m un ventilated room minus respective control as compared to exposure to no smut mg minus respective control 
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Discussion 

The data from this study clearly, demonstrate that: 
under the conditions of this experiment, passive 
smoking causes anginal pain to develop sooner after 
exercise. The duration of exercise until angina pec¬ 
toris is also decreased more after passive smoking, in 
an unventilated room than after passive smoking in a 
ventilated room. 

Smoking high-nicotine 11 * or low-nicotine ;:s ciga¬ 
rettes causes an increase in resting heart rate and in' 
systolic and diastolic blood pressure in patients with' 
angina pectoris, increasing their myocardial oxygen 


demand. This increase in heart rate and inblood pres¬ 
sure does not occur after smoking of non-nicotine 
cigarettes 4 - 5 or after breathing of carbon monoxide.** 1 
The increase in heart rate and systolic and diastolic 
blbod pressure at rest in our patients with angina pec¬ 
toris after exposure to passive smoking was presum¬ 
ably due to absorption of nicotine. 

Russell and Feyerabend’ showed that after normal 
exposure to tobacco smoke, nicotine was present in 
urine collected during the early afternoon in 26 of: 2 7 
nonsmokers (96 per cent). The mean urinary nicotine 
level of these 27 nonsmokers was 10.7 1 ng per milliliter. 

Russell and FeyerabcncT also had: 12 nonsmokers 


Table 3. Mean Heart Rate. Systolic and Diastolic Stood Pressure. Product of Systolic Blood Pressure x Heart Rate/,I00j.and 
Exercise-Induced ST-Segment Depression at Onset of Angina in the Control Periods and after Exposure to No Smoking. 
Smoking ini a well Ventilated Room and Smoking in an Unventifated Roomi(±1 S.D.). 
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*5BP denotes svstoltc bidod pressure 4 DBF* diastolic blood pressure. 
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sit for an average of 78 minutes among smokers in an 
unventilated; smoke-filled room with dimensions, of 
4.57 by 3.66 by 2.44 meters (15 by 12 by 8 ft). The 
smoke was produced by smoking or burning ofl 80 
cigarettes and two cigars and caused a mean carbon 
monoxide level ofi 38 ppm in the room air. Urine 
specimens collected 15 minutes after the nonsmokers 
had left the smoke-filled room revealed a mean 
urinary nicotine level of 80 ng per milliliter. 

Smoking high-nicotine,° low-nicotine 5 or non- 
nicotine cigarettes 0 causes an increased carboxvhe- 
mogtobin level, which reduces the amount of oxygen 
available to'the myocardium. Numerous studies have 
documented the harmful effects of carbon monoxide 
in patients with coronary heart disease.The 
decrease in product of systolic blood pressure times 
heart race at the onset of angina pectoris after passive 
smoking in the study reported above indicates a 
probable decrease in oxygen delivery to the myocar¬ 
dium. 

A number of investigations have shown the ex¬ 
posure of passive smokers to carbon monoxide lev- 
els ,3 ‘ ,# that may cause adverse effects in patients with 
coronary heart disease. The data from this study also 
indicate that passive smoking causes an increase in 
carboxyhemogiobin — more after passive smoking in 
an unventilated room than after passive smoking in a 
ventilated room. 

Premature ventricular beats occurred after exercise 
in three of 10 patients exposed to passive smoking in 
an unventtlated room. The increase in sudden death 
from coronary heart disease in cigarette smokers 1 '* 
may be related to lowering of the threshold for ven¬ 
tricular fibrillation bv nicotine 20 -* 1 or carbon monox¬ 
ide 22 - 21 during an episode of myocardial ischemia. 

Finally, in addition to carbon monoxide and! nico¬ 
tine, other components of tobacco smoke, including 
oxides of nitrogen and hydrogen cyanide and possibly 
psychologic factors, may have contributed! to the 
decrease in exercise performance observed in these 
patients with heart disease after passive smoking 
through effects on the cardiovascular or respiratory 
systems. For example, do the oxides of nitrogen in¬ 
haled in tobacco smoke interfere with myocardial ox¬ 
ygen 1 delivery? This possibility needs to be in¬ 
vestigated. 

1 am indebted to Clifford Roussevc and Paul Troop for technical 1 
assistance 
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